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(57) Abstract: Described herein are endoscopic plicators passed tiansorally into the stomach and used to plicate stomach tissue by 
engaging tissue from inside of the stomach and (irawing it inwaidly. In the disclosed embodiments, the tissue is drawn inwardly 
into a vacuum chamber, causing sections of serosal tissue on the exterior of the stomach to be positioned facing one another. The 
disclosed plicatois allow the opposed sections of tissue to be moved into contact with one anotiier, and preferably deliver sutures, 
^ staples or other means for maintaining contact between the tissue sections at least until serosal bonds form between them. Each of 
^ these steps may be perfomied wholly from the inside of the stomach and thus can eliminate die need for any suigical or laparoscopic 
^ intervention. After one or more plications is formed, medical devices may be coupled to die plication(s) for retention witiiin die 
stomach. 
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ENDOSCOPIC PLICATION DEVICES AND METHODS 



FIELD OF THE INVENTION 
5 The present invention relates generally to the field of systems and methods for 

performing endoscopic surgery, and specifically to systems and mediods for endoscopic 
plication of tissue within body cavities. 

ft 

BACKGROUND OF TBQB I^fVE^^^ON 

10 An anatomical view of a human stomach S and assodatBd featoies is shown in 

Fig. 1 A. The esophagus E delivers food firom the mouth to the proximal portion of the 
stomach S. The z-line or gastro-esophageal junction Z is the kregularly-shaped border 
between the thin tissue of the esophagus and the thicker tissue of the stomach wall. The 
gastro-esophageal junction region G is the region encompassing die distal portion of the 

IS esophagusE, the z-line, and the proximal portion of the stomachs. 

S tomach S includes a fundus F at its proximal end and an antrum A at its distal 
end. Antrum A feeds into the pylorus P which attaches to the duodenum D» the proximal 
region of the small intestine. Within the pylorus P is a sphincter that prevents backflow 
of food from the duodenum D into the stomach. The middle region of the small intestine, 

20 positioned distally of the duodenum D, is the jejunum J. 

Fig. IB illustrates tiie tissue layers forming the stomach wall. The outermost layer 
is the serosal layer or "serosa" S and the innermost layer, lining the stomach interior, is 
the mucosal layer or '*mucosa" MUC. The submucosa SM and the multi-layer muscularis 
M lie between the mucosa and the serosa. 

25 Several prior applications sharing inventors with the present application, including 

International Application No. WO 2005/037152 having an international filing date of 
October 8, 2004 and U.S. AppUcation No. 11/439,461, filed May 23, 2006 (botii 
incorporated herein by reference) describe methods according to which medical implants 
are coupled to tissue structures farmed within the stomach. According to these 

30 applications, devices for inducing weight loss (e.g. by restricting and/or obstructing flow 
of food into the stomach, and/or by occupying a portion of tihie stomach volume) may be 
coupled to tissue tuimels or plications P (Fig, 2) formed firom stomach tissue. 
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For example, U.S. AppUcation No. 11/439,461 (incoiporated herein by reference 
in its entirety), describes a restrictive and/or obstructive implant system for inducing 
weight loss^ In one embodiment, flexible loops 2 (jPig. 3) are coupled to tissue pUcations 
P (Fig. 2) formed in the gastroesophagpal junction region of the stomach. An implant, 
5 such as a flow restrictive and/or obstructive implant 4 (Fig. 4), is passed through the loops 
2 and thus retained in the stomach as shown in Fig. S. 

In other instances, tissue plications may tiiemselves be sufficient to provide the 
necessary treatment For example, the plications may be used to reduce stomach volume 
or form a flow restriction within the stomach. 
10 Other types of implants may be coupled to such plications or other tissue 

structures for a variety of purposes. These implants include, but are not limited to 
prosthetic valves for the treatment of gastto-esophageal reflux disease, gastric stimulators, 
pH monitors and drag eluting devices that release drags, biologies or cells mto the 
stomach or elsewhere m the GI tract Such drag eluting devices might include those 
15 which release leptin (a hormone which creates feelmgs of satiety), Ghrelin (a hormone 
which creates feelings of hungpr), octreotide (which reduces Ghrelin levels and thus 
reduces hunger). Insulin, chemotherapeutic agents, natural biologies (e.g. growth factor, 
cytokines) which aid in post surgery trauma, ulcers, lacerations etc. Still other implants 
might be of a type which might provide a platform to. which specific cell types can 
20 adhere, grow and provide biologically-active gene products to the GI tract, and/or a 

platform for radiation sources tiwt can provide a local source of radiation for therapeutic 
purposes, or provide a platform wh^eby diagnostic ligands are unmobilized and used to 
sample the GI tract for evidence of specific normal or pathological conditions, or provide 
an anchor point for imaging die GI tract via cameras and other image collecting devices. 
25 The prior applications listed above, address the desirability of forming tissue 

plications, pockets or tunnels in a way that regions of serosal tissue (i.e. the tissue on the 
OTterior surfoce of die stomach) are retained in contact with one another. Over time, 
adhesions formed between the opposed serosal layers create strong bonds that can 
facilitate retention of the plication/pocket/tissue over extended durations, despite the 
30 forces imparted on than by stomach movemrat and implanted devices. More durable 
plications can be created by placing any of a number of materials and/or substances (i.e. 
injectable sclerosing agents) between the serosal surfaces prior to plicating die serosal 
surfaces together. One example of material suitable for this purpose is polypropolyene 
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mesh, commonly used for hernia repair, which when inserted in the plication fold 
provides a durable anchoring position within the GI tract 

Regardless of the application for which a plication is being formed, it is highly 
desirable to form that plication using steps carried out from within the stomach using 
instruments passed down the esophagus, rather than using more invasive surgical or 
laparoscopic methods. The present application describes endoscopic plicators which may 
be passed transorally mto the stomach and used to form serosai-to-serosal plications in a 
stomach wall. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A is a schematic illustration of a human stomach and a portion of the small 

intestine. 

Fig. IB is a cross-sectional pocspective view of a portion of a stomach wall, 
illustrating the layers of tissue forming the wall. 
15 Fig. 2 schematically illustrates a serosal tissue plication formed in stomach tissue. 

Fig, 3 schematically illustrates a pair of loops attached to serosal tissue plications, 

prior to the positioning of a medical implant within the loops. 

•» 

Fig. 4 is a cross-sectional side elevation view .of a satiation implant 
Fig. 5 schematically illustrates the satiation implant of Fig. 4 coupled to the loops 
20 of Fig. 3. 

Fig. 6 is a perspective view of an endoscopic plication system. 
Fig. 7 is a perspective view of the vacuum head of the system of Fig. 6. 
Fig. 8 A is a side elevation view of the cannula of the system of Fig. 6. 
Fig. SB is a perspective view of the distal end of die cannula of Fig. 8 A. 
25 Fig. 9 is a cross-sectional side view of an anchor of the system of Fig. 6. 

Fig. 10 is a plan view of tiie catch of the anchor of Fig. 9. 
Fig. 11 A is a plan view of the spring element of the anchor of Fig. 9. 
Fig. 1 IB is a perspective view of the spring element of Fig. 1 1 A, showing the 

spring tabs in the opened position. 
30 Fig. 12 is a perspective view of the vacuum head of Fig. 7, showing the anchor of 

Rg. 9 positioned within the vacuum head. 

Fig. 13 is a perspective view of the anchor of Fig. 9, which includes a loop of the 

type shown in Fig. 3. 
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Rg. 14A is a perspective view of the mesh tube of the system of Hg. 6. 

Hg. 14B is cross-sectional perspective view showing the mesh tube of Fig. 14A in 

(be conqiressed orientatioiL 

Fig. 15A is a side elevation view showing the tip, cable, mesh tube, and sheath of 

5 Fig. 6 following assembly. 

Hg. 15B is a side elevation view of the plicator of Hg. 6 assembled for use. 
Hgs. 16A schematically illustrates introduction of die assembled plicator and an 

radoscope into the stomach. 

Fig. 16B schematically illustrates creation of a tissue pocket using die plicator of 

10 Hg. 16A. 

Fig. 17A is a perspective view of a barbed stabilizing cuff. 
Fig. 17B is a perspective view similar to Fig. 16B, showing use of die barbed 
stabilizing cuff of Fig. 17A to stabilize tissue witiiin fht pocket 

Fig. 18A schematially illustrates positioning of die tip dement and mesh tube 

IS following their deployment 

Fig. 18B schematically illustrates die stomach exterior surface following 

dq>loyment of the tip and anchor. 

• ■ 

Fig. 19A illustrates compression of the anchor using the plicator and cable. 
Fig. 19B shows the final anchor and mesh position following removal of the 

■ 

20 plicator and endoscope. 

Fig. 20 illustrates an alternative method for compressing the anchor. 
Figs. 21 A throng 21C are perspective views illustrating an altmative vacuum 
chamber in which the vacuum chamber also forms the implantable anchor. 

■ 

Figs. 22A dirou^ 22D are a sequence of steps illustrating an altematiye mediod 
25 using a vacuum paddle diat additionally functions as an implantable anchor. 

Figs. 23 A through 23B and 24A tiiiough 24B are a sequence of steps illustiating 
an altranative mediod which forms a serosal tunnel and positions a leg of an anchor 
widrin die serosal tunneL Hgs 23 A and 23B are cross-sectional side views. Figs. 24A 
and 24B are perspective views taken from within the stomach. 
30 Hg. 25 A is a perspective view taken from widun die stomach illustrating the 

serosal tunnel formed during die sequence of steps illustratBd in Hgs. 23A through 24B. 
Rg. 25B is a cross-section view of die serosal tunnel and anchor shown in Hg. 

25A. 
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Fig. 2SC illustrates placement of two of the anchors of Figs. 23 A - 24B within a 
stomach. 

Figs. 26A through 26C are cross-sectional side views of a plication system and a 
stomach wall, illustratmg an alternative me&od in which a sclerosing agent is injected 
5 into the serosal pocket prior to advancement of the tip element 

Figs. 27A and 27B are cross-section views illustrating a method for sealing 
sclerosing agent within the serosal pocket using a clamp. 

Figs. 28 and 29, in which Fig. 28 is a perspective view and Fig. 29 is a cross- 
section view of a distal end of a plication system and a portion of the stomach wall, 
10 illustrate methods for sealing sclerosing agent within the serosal pocket using the vacuum 
head. 

Figs. 30A through SOD are a sequence of side views of a stomach wall engaged by 
a vacuum chamber, and illustrate steps of an alternative method of forming a tissue 
plication using sclerosing agents. 
1 S Figs. 3 1 A and 3 1 B illustrate alternate place holding elements for use in the 

method of Figs. 30A - 30D. 

Figs. 32A and 32B illustrate die use of clanq)S to retain plications formed using 
die Fig. 30A - SOD method during healing of the plications. 

Fig. 33A is a perspective view of a serosal plication having a cutout formed * 

■ 

20 through the tissue. Fig. 33B is a cross-section view of a stomach illustrating three serosal 
plications of the type shown in Fig. 33 A. 

Fig. S4A is a cross-sectional side view of a second preferred embodiment of a 
plication system. 

Hgs. 34B - 34G are a sequence of cross-sectional side views illustratmg 
2S formation of a plication of the type shown m Fig. 33 A using the system of Fig. 34A. 

Fig. 35 A is a cross-section side view of die plication formed in accordance with 
die mediod of Figs. 34A - S4G. 

Fig. 35B is a cross-sectional plan view taken along the plane designated 35B-35B 
in Fig. 3SA. 

30 Fig. 36A is a perspective view of the plication head of an alternative embodiment 

of a plicator, shown in the streamlined positioned for transoral delivery to the stomach. 
The shroud is not shown to allow clear viewing of die underlying components. 
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Fig. 36B is a perspective view similar to Rg. 36A showing the plication head in 
the expanded position. The shroud is not shown to allow clear viewing of the underlying 
conoiponents. 

Figs. 37A througli 37D are a sequence of cross^sectional perspective views of the 
S plication head of Figs. 36A and 36B, illustrating a metiiod of using the plication head. 
The shroud is not shown to allow clear viewing of the underlying components. 

Fig. 38 is a bottom plan view of the plication head of Figs. 36A - 37C with the 
shroud in place and the hinge memb^ in the expanded position. 

Fig. 39 is a front elevation view of tiie plication head as positioned in Fig. 38. 
10 Fig. 40A is a cross-sectional side views of the hydraulic chamber a piston 

assembly used for expandmg die vacuum chamber, compressing tissue, and driving the 
staples in the embodiment of Figs. 36A - 39. 

Fig. 40B is a cross-sectional side view of the staple driver of the embodiment of 
Figs. 36A - 37D. 

IS Figs. 41 A and 41B are side elevation views of a modified plication head with the 

shroud not shown to permit the underlying components to be seen. 

Fig. 41C is a perspective view of the plicatioa head of Figs. 41 A and 41B, with 
die shroud shown. 

• * • 

. Fig. 42A is a perspective view of an expandable frame for deploying a reinforcing 
20 element Fig. 42B shows a reinforcing element on the frame of Fig. 42A. 

Hgs. 43 A and 43B are plan views illustrating staple patterns. 

Figs. 43C - 43E are plan views illustrating interlocking staple patterns. 

Figs. 44A and 44B are plan views of reinforcmg rings. 

Fig. 45 A is a perspective view showing the remfordng ring of Fig. 44B on a 
23 stapler anvil. 

Hg. 4SB is a plan view of die reinforcing ring of Fig. 44A on a staple cartridge. 

Figs. 46A and 46B are plan views of a tissue plication, in which Fig. 46A shows 
the side of the plication positioned on the st^le cartridge side of the plicator, and Fig. 
46B shows the side of the plication position on the anvil side of the plicator. 
30 Fig.47A is a cross-sectional top view of a stomach, illustrating movement of 

cutout plications into alignment in preparation for insertion of an implant through their 
cutouts. 
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Fig. 47B is a cross-sectionai side view of a stomach, illustrating the alignment 
step of Fig. 47 A. 

Fig. 47C is a cross-sectional side view similar to Fig. 47B, with the implant in 

place within the cutouts. 
5 Fig. 48A is a cross-sectional top view of a stomach illustrating an arrangement of 

cutout plications. 

Fig. 48B is a cross-sectional top view sunikr to Fig. 48A, showing the cutout 
plications drawn into alignment with one another. 

Fig. 48C is a cross-sectional top view similar to Fig. 48B, showing an implant 
10 positioned in the aligned cutouts of die plications. 

Fig- 48D is a cross-sectional side view of the stomach, illustrating the formation 
of a food passage in the stomach usmg the arrangement of plications and the implant 
shown in Fig. 48C. 

Hg. 49 is a perspective view of a restrictive implant having buttons insertable 
IS through holes formed m stomach tissue plications. 



DETAILED DESCRIFnON OF TEffi DRAWINGS 

The present application describes endoscopic plicators which may be passed 
transorally into the stomach and used to plicate stomach tissue by engaging tissue from 

20 mside of tiie stomach and drawing it inwardly. In the disclosed embodiments, die tissue 
is drawn inwardly into a vacuum chamber, although tissue may be drawn inwardly using 
otiier components fliat do not involve die use of a vacuum. When a portion tiie stomach 
wall is drawn inwardly, sections of serosal tissue on the exterior of the stomach are 
positioned facing one anotiier. The disclosed plicators allow flie opposed sections of 

25 tissue to be moved into contact with one anodiea:, and preferably deliva: sutures, staples or 
other means for maintaining contact between die tissue sections at least until serosal 
bonds form between tiiem. Each of tiiese steps may be performed wholly from die inside 
of the stomach and thus can eliminate the need for any surgical or laparoscopic 
intervention. After one or more plications is formed, medical devices (including, but not 

30 limited to any of the types listed above) may be coupled to the plication(s) for retention 

within the stomach. 

Certain of tiie disclosed plicators pass a mesh element and/or a quantity of 
sclerosing agent tinough tiie stomach wall such diat it is disposed between tiie opposed 
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regions of serosal tissue thus enhancing serosal bonding. Some embodiments include a 
feature that forms a hole in a plication using the plication device, so that a portion of a 
medical implant may be passed dirough or linked to the hole the plications. Others of the 
embodiments are cpnfigured to couple an anchor to the plication as it is fanned, so that a 
S medical implant may later be coupled to the anchor. 

While this application describes plication systems and metfiods with respect to the 
formation of plications in stomach tissue, the embodiments described herein have equal 
applicability for forming plications in parts of the body outside the GI systenL 

10 Plication System of the First Preferred Embodiment 

Hg. 6 illustrates one embodiment of a system 10 for tissue plication that is 
suitable for endoscopic use, as well as surgical or laparoscopic use if desired 

Generally speaking, system 10 includes a plicator 12 having a vacuum head 14 
and a shaft 16. The system further includes a flexible anchor 18 for attachment to 
15 stomach tissue, a tissue pmetradng tip element 20 having a cable 22, a mesh element 24, 
and a sheath 26. 

Refening to Fig. 7, vacuum head 14 defines a vacuum chamber 28 having an 
opening that, during use, is positioned into contact with stomach tissue so as to draw die 
tissue into the chamber 28. Vacuum head 14 fiirdier mcludes slots 32, 34 sized to receive 

20 portions of die anchor 18 as described below. The distal and proximal ends of the 
vacuum head 14 include U-shaped openings 36, 38. 

Refening once again to Fig. 6, shaft 16 is a flexible elongate member extending 
firom the proximal end of the vacuum head 14. Shaft 16 is equipped with puU-wires (not 
shown) and/or alternative means for articulating the vacuum head 14 as needed for proper 

2S positioning widun the stonoach. Shaft 16 includes a distal portion 40 having a generally 
U-shaped slot 42 corcesponding to the U-shaped opening 38 in the vacuum head. The 
proximal portion 46 of shaft 16 is tubular and includes at least one lumen 48 extmding its 
length. 

A tubular cannula SO extends through die shaft 16 as shown in Fig. 6. Cannula SO 
30 is fluidly coupled to a source of negative pressure such as a syringp or vacuum pump. 
Application of suction to the cannula SO creates a vacuum in the vacuum chambo* as 
discussed in detail below. As most clearly visible in Figs. 8A and 8B, cannula SO 
includes an annular flange S3 (Figs. 8A and 8B) surroundmg its distal end. A plurality of 
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proximally-Qriented ratcheting elements SI (Fig. 8B) aie positioned within the lumen of 
cannula SO, adjacmt to the cannula's distal end. 

Anchor 1 8 includes a distal tab 52 and a proximal tab S4 on opposite ends of a 
central portion 56. Anchor 18 is a flexible element formed of silicone or other flexible, 

S biocompatible material. Its properties permit it to be deformed into the orientation shown 
in Fig. 9 for insertion into the vacuum head. More specifically, the anchor 18 is 
positionable within the vacuum head 14 as shown in Fig. 12 with the distal tab 52 
disposed in distal slot 32 and the proximal tab S4 within proximal slot 34. 

As best seen in the cross-section view of Fig. 9, a catch 58 is seated within a 

10 recess in the distal tab 52 of anchor 18. Catch 58 may be formed of a resilient material 
such as stainless steel, nitinol, or resilient polymer that has been over-molded using 
rubber. As will described in detail below, catch 58 functions to engage a portion of the 
tip element 20 (Fig. 6) after it has been advanced through die tijssue undergoing plication. 
Li the illustrated embodiment, catch 58 includes a cutout 60 proportioned to engage the 

15 tip 20, however any alternative configuration for die cutout 60 and tip 20 that will permit 
engagement of the two is equally suitable. A rubb^ protrusion 62 is positioned on the 
anchor 14 to receive the sharp tip of the tip element to prevent injury to surrounding 
• tissue. 

Referring again to Fig. 9, proximal tab 54 includes an opening 64 within which a 
20 spring element 66 is positioned. Materials used for the spring element may be similar to 
those used for the catch 58. Spring element functions to engage cable 22 to retain the 
anchor in position, and it should be appreciated that alternative features that can perform 
this function can instead be used. As best shown in Fig. IIA, a preferred spring element 
66 includes a pair of tabs 68 that can be pushed to a slightiy outward orientation (see Fig. 
25 1 IB) when acted upon by a force shown by arrow A in Fig! 9, but that will return to the 
closed orientation when the force is relieved. Tabs 60, in their closed orientation, define a 
central cutout 70. 

It is sqypropriate to note that anchor 18 may take many alternate forms without 
departmg from the scope of the invention. For example, in one altmiative embodiment 
30 shown in Fig. 13, anchor 18a includes a loop 2 of die type described in connection witti 
Figs. 2-5 coupled to its distal end. 

Referring again to Fig. 6, tip element 20 rocludes a piercing element that is 
sufficientiy sharp to penetrate abdominal wall tissue when subjected to an appropriate 
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amount of force. The tip element 20 may be formed of stainless steel or any other 
material suitable for this purpose. A prefened tip element includes a collar 73 which 
defines a recess 72 between ttie distal edge of the collar and the proximal edge of the tip. 
Recess 72 is proportioned to seat within die cutout 60 (Fig. 10) of the anchor's distal 
5 catch 58 when the tip element is passed dnoug^ the cutout 60. 

Cable 22 is coupled to die proximal portion of the tip element 20. Cable 22 
preferably includes a series of barbs 74, teeth, or oflier engagement elements. As will be 
described m connection with Rg. 19A, during use the cable is ragagpd by spring element 
66 which allows the cable to slide in a proximal direction but that prevents movement of 
10 the cable in a distal direction. In other words, the cable functions in a mann^ similar to a 
cable tie found in hardware stores. 

As discussed, die system is preferably designed to pass material between the 
serosal tissue layers so as to f aciliate serosal tissue bonding. The material may be a 
synthetic or non-syndietic mesh (fomied of nitinol or other matmal), porous or non- 
15 porous material, slotted material, or any other material through which adhesions will fonn 
or onto which tissue will grow. Examples include, but are not limited to, polypropylene, 
materials sold under the trade names Goretex or Dacron, or tissue graft material such as 
die Surgisis material sold by Wilson Cook Medical, Inc. The material may be treated 
with tissue-ingrowth promoting substances such as biologies. 
20 The delivered material can be constructed into any shape or configuration that will 

achieve its purpose of promoting strong s^x^sal adhesions. As illustrated in Figs. 14A 
and 14B, a convenient form for the delivered material is diat of a mesh tube 24 designed 
such that appUcation of compressive forces between the proximal and distal ends wiU 
cause die mesh to take die form of a disk, or such fliat it will self-expand to a disk-tike 
25 shape when released from a restrained position. Tubular caps 76a, 76b formed of a 

suitable polymeric material may be attached to the distal and proximal ends of die tube to 
minimize damage to the mesh during compressioru 



Exemplary Method of Using the First Preferred Etnbodimeat 
30 One mediod of using die system of Fig. 6 will next be described. 

In preparation for use, tip 20, cable 22, mesh element 24, and sheath 26 are 
assembled for insertion into cannula 50. Specifically, as shown in Rg. 15A, mesh tube 
24 is direaded over cable 22 and positioned such diat its distal cap 76b abuts the collar 73 
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of tip 20. Sheath 26 is positioned over the mesh tube 24 and advanced such that its distal 
end is also in contact with the collar 73. 

Referring to Fig. ISB, the assembled tip, cable, mesh elemrat and sheath are 
inserted into the caimula 50. Anchor 18 is seated within die vacuum chamber 28 as 

5 described above. The flange S3 of the caimula SO is positioned in sealing contact with the 
anchor 18. For example, the flange 53 may be ins^ed into the proximal opening 64 (Fig. 
9) of the anchor so as to create an interfermce fit between the two. Adequate sealing is 
desnable to prevent loss of vacuum pressure from the vacuum chamber 28 during use. 
Next, the assembled plicator 12 is passed into the stomach S via the esophagus as 

10 shown in Fig. 16A. An endoscope 80 is also passed into die stomach to provide 
visualization of the procedure. Although the endoscope 80 is shown as a separate 
component, die plicator 12 may be modified to include an integrated endoscope. 

Referring to Fig. 16B, the plicator 12 is advanced to a target location at which a 
plication is to be formed. The plicator is manipulated using puU wires or other steering 

15 elements to place vacuum chamb^ 28 agamst die stomach tissue. Suction is applied to 
die vacuum chamber 28 via cannula SO, thus drawing stomach tissue into the vacuum 
chamber as shown. Consequently, a pocket 100 forms in the tissue such diat if the 
stomach w^e to be viewed from the outside a depression in the stomach wall would be 
visible. Suction is maintained to stabilize the tissue within the vacuum chamber. If 

20 additional stabilization of the tissue is desired, the plicator 12 may be provided with a 
barbed stabilization cuff 82 of the type shown in Fig. 17A. Cuff 82 includes a plurality of 
barbs 84 oriented to penetrate stomach tissue as shown in Fig. 17B when the tissue is 
dmwn into the chamber 28, thus holding the proximal portion of the captured tissue in 
place during advancement of the tip member 20 and mesh 24 element Odier stabilizmg 

25 mechanisms may alternatively be used in lieu of, or in addition to, the cuff and barbs. 

At this point, the tissue is ready for advancement of the tip member 20 through the 
tissue, as well as deployment of the mesh tube 24 into the pocket 100. Advancement of 
the tip and deployment of the mesh may be performed in a single step, or they may be 
formed as a sequence of steps. For simultaneous advancement and deployment, sheath 26 

30 is advanced m a distal direction, dimby driving the tip 20 distally dux)ug^ die tissue 
walls 102 defining die pocket 100. If die forces of fiiction between the tubular mesh 
element 24 and the sheath 26 are sufficiendy large, the advancing sheadi carries the mesh 
tube 24 into the pocket Alternatively, a pushing mandrel 86 (shown in Fig. 17B) may be 
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advanced distally against the proxunal cap 76a of the mesh element 24 to advance die 
mesh element 24 mto die pocket 100. If separate advancement of die tip member 20 and 
deployment of die mesh element 24 is preferred, die tip member 20 is first driven m a 
distal direction by distal movement of die sheadi 26, and die mesh element is dien 
S separately pushed over the cable 22 using die mandrel 86. 

Many alternative structures useful for separately or simultaneously applying 
pushmg f OTces to die tip element 20 and die mesh element 24 are readily conceivable and 
may also be used. 

Regardless of the mode of depolyment, as die tip member 20 is advanced, its 
10 pointed distal end moves into contact with die spring element 66 on the anchor 18, 
causing tabs 68 (Figs. 9, llA and IIB) to push distaUy into die position shown in Fig. 
1 IB, and to dien return to their substantially planar orientation (Fig. 1 IB) once die tip 
membCT 20 has cleared die sprmg element 66. The tip elraient 20 then passes dirough die 
walls 102 of tissue and into engagement with die distal catch 58 of die anchor 18 (i.e. die 

m 

15 edges of die cutout 60 seat widiin recess 72 of die tip elemait 20), tiiereby locking die tip 
element to die catch 58. The distal-most portion of die tip element 20 embeds widim die 

protrusion 62 of the anchor. 

The cable 22 remains attached to die tip elraient 20 and thus extends dirough die 
walls 102, darough catch 58 and spring element 66, and dirough the cannula 50. Ihe 
20 mesh tube 24 remains disposed around die cable 22. Fig. 18A is a cross-section view of 
die stomach illustrating die arrangraient of die components aft^ die tip element 20 and 
mesh tube 24 have been deployed. Fig. 18B shows die outside of the stomach at tins 

stage of the procedure. 

The next series of steps are geared towards drawing the distal and proximal tabs 

25 52, 54 of the anchor 18 towards one anodier, so as to enclose die mesh element 24 within 
die pocket 100. Referring to Fig. 19A, die vacuum head 14 is moved in a lateral direction 
untilitsq)arates&omtiieanchor 18 and die pocket 100. (If a barbed stabilization cuff 82 
of die type shown m Fig. 17 A has been used to engage die tissue, die cuff is first rotated 
to **unscrew" its barbs from die tissue. This might be achieved, for example, using a 

30 rotatable element (not show) diat may be grasped and rotated by the user.) Vacuum head 
14 is then positioned against die anchor 18 and used to impart a distally-oriented force 
against the proximal side of the anchor 18. At die same time, traction is applied to cable 
22 so as to impart proximally directed forces to die distal end of the anchor. Ratcheting 
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elements 51 in the cannula 50 prevent the cable 22 from sUding distally in the event that 
traction of the cable 22 is momoitarily released. 

The opposed forces between cable 22 and vacumn head 14 result in con^ssion 
of die anchor 18 and die mesh tube 24 into the illustrated positions. As die cable 22 

5 tightened, die spring element 66 of the anchor sequentially engages barbs on die cable 22. 
Once tension on cable 22 is released, die spring element 66 remains engaged wifli the 
adjacent barb on die cable so as to retain die anchor m die compressed position. Finally, 
the cable 22 is clipped, and die plicator 12 is wittidrawn from die body, leaving die 
anchor 18 and mesh positioned as shown in Fig. 19B. The procedure may be repeated to 

10 form multiple plications if needed. Following formation of die plication(s), a medical 
implant may be coupled to die anchor(s) 18 during die course of the same procedure or 
during a lata procedure scheduled to permit sufiELcient formation of adhesions between 
die serosal tissue layers 102 to support die implant 

It should be noted witii reference to Hg. 20 diat in an alternative method, die 

15 cannula 50 may remain coupled to die anchor 1 8 during lateral movement of die vacuum 
head 14, causing die proximal portion 40 of die shaft 16 to separate fix>m the cannula 50. 
According to diis embodiment, die anchor 18 may be conq)ressed by pressing die cannula 
50 downwardly against die anchor 18 while applying tension to die cable 22. Once die 
anchor has been secured as described with respect to Figs. 19A and 19B, the cannula 50 is 

20 detached from ttie anchor 18 and withdrawn from the body. 

Alternatives to the First Embodiments 

One alternative system illustrated in Figs. 21A through 21C is similar to the first 
piefeired embodiment, but differs in that the vacuum head 14e is formed of a compliant 

25 material such as silicone and also functions as the anchoring device. During use of the 
vacuum head 14e, suction is applied to draw tissue into tiie vacuum head, and a cable 22e 
(or suture, etc) is passed through the compliant silicone material to form the tissue 
plication. If necessary, a removable rigid housing 98 may be positioned around the 
vacuum head to prevent it ftom collapsing during application of suction. 

30 In anotiier alternative system shown in Figs. 22A throu^ 22D, a flexible vacuum 

paddle 1 10 is positionable into contact witii stomach tissue. In tiiis embodiment, paddle 
110 also serves as the anchor that will remain coupled to the tissue. 
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Paddle 1 10 includes an elongate tube 1 12 that extends through the esophagus and 
is connectable to a vacuum source 1 14 positioned outside ttie body. Paddle 1 10 is fanned 
of silicone or other flexible material suitable for long tenn implantation. Loop 2 is 
integrally coupled to the paddle. An elongate spine 116 is positionable against the paddle 
5 110, and may include elemrats for temporarily engaging the paddle 1 10. Spine 1 16 
includes pull wires or other features that may be manipulated from outside the body to 
deflect it and die adjacrat paddle 110 into nested curved positions as shown in Fig. 22B, 
thus creating a pocket 100 in the tissue. A tip 120 coiq>led to a cable 122 may be 
advanced throu^ the elongate tube 1 12 such diat it penetrates the tissue lining die pocket 

10 100 and advances mto a portion of the paddle 1 10, where it is engaged by a catch (e.g. see 
catch 58 of Fig. 8A). A mesh element 124 may be advanced over the cable 122 as shown 
in Fig. 22C, and the cable 122 may be cinched to form the plication using techniques such 
as those described above, leaving the paddle 1 10 and loop 2 in place. 

An alt^native system illustrated in Figs. 23A and 23B is similar to the system of 

IS die first embodiment of Fig. 6. Specifically, system lOf includes a vacuum head 14f 

mounted at the distal end of a shaft 16f of sufficient length to permit die vacuum head 14f 
to be positioned within the stomach while the proximal portion of the shaft 16f remains 
outside the oral cavity. The vacuum head is coupled to a source of suction, such as a 
syringe or vacuum pump. 

20 A flexible anchor 18f is seated within vacuum head 14f prior to use, similar to die 

positioiung of die anchor 18 of the first embodiment shown in Fig 12. The anchor 18f 
includes a distal tab S2f and a proximal tab S4f having corresponding openings 
longitudinally aligned widi die lumen 48f of die shaft 16f. The system differs fiom the 
first embodiment in that the anchor 18f further includes an elongate leg 22f that is 

25 coupled to the tabs 52f, 54f during assembly to form die anchor 18f into a loop. Leg 22f 
includes a tip 20f and a catch 21f positioned to engage die distal tab 52f and die proximal 
tab 54, respectively. Hie leg 22f may be manufactured of a flexible polymeric material 
such as silicon, or it could be formed of a mesh, braid, stent into which surrounding tissue 
will grow. However, die tip 20f should be capable of penetrating stomach wall tissue. 

30 Prior to use, die leg 22f is positioned widiin die lumen 48f of shaft 16f . During 

implantation of the anchor 18f, serosal tissue is drawn into die vacuum head 14f as shown 
in Rg. 23A. The leg 22f is advanced diroug}i die tabs 52f , 54f, and the sections of 
stomach wall lying between the tabs, using a push rod (not shown) or other pushing 
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mechanism as described above. ITie tip 20f engages with distal tab 52f and the catch 21a 
is restrained by proximal tab 54f . The vacrann head 14f is subsequently removed, leaving 
the anchor and leg forming a loop surrounding a portion of ttie stomach wall as shown in 
Fig. 23B. 

5 Althou^ the method of implanting the anchor 18f may end witii the anchor 18f 

positioned as shown in Fig. 23B, it is preferable to bring some of the serosal tissue 
surfaces surrounding pocket 100 into contact widi one anotiier so as to trigger growtii of 
serosal bonds between the contacting tissues surfaces, as described before. Metiiods for 
cinching the tissue to form a serosal plication are described above and may be modified 

10 for use witii tiie Hgs. 23 A-23B metiiod. Alternatively, elongate regions of tissue on 
opposite sides of the leg 22f may be brought into contact witii one anotiier and clamped, 
staled and or oflieiwise teld in amtact to tiim tiie pocket 100 into a sealed SCTOsal pocket 
lOOf surrounding ttw leg 22f and isolated from tiie sterile enviroiunent outside tiie 
stomach. For example, as shown m Rg. 24A, a jaw-type stapling instiranent 92 having a 

15 vacuum housing 93 may be endoscopically introduced into die stomach and positioned 
witii die jaws 94a, 94b contacting mucosal tissue on opposite sides of the leg 22f. This 
instrument may be separate from tiie instrument used to couple tiie anchor 18f to tiie 
tissue, or tiie instrument of Fig. 23A may be modified to include tiie stapler jaws 94a, 
94b. 

20 The jaws are clamped as shown m Fig 24B to bring the sMosal tissue surfaces 

togetiiM, and staples are passed tioough the tissue using flie jaws, enclosing tiie pocket 
100 in tiie tissue and helpmg to retain die anchor usmg tiie re-shaped stomach tissue. 
After the instrument 92 is removed from die stomach, tiie serosal tissue surfaces tranain 
held in contact by one or more staple Unes 95 (Figs. 25 A and 25B). The staple Imes 95 

25 seal the pocket lOOf and reduce tiie chance of infection by forming a barrier preventing 
gastric contents tiiat might enter tiie pocket lOOf from moving into tiie extia-gastric space. 
Adhesions will flien form between ttie serosal tissue surfaces as described above. To 
optimize tiie strengtii of die adhesions, tiie leg 22f may include ingtowfli-promoting 
features. For example, leg 22f may be configured to support macro-level ingrowtfi using 

30 a mesh design, oc it may include micro-ingrowtii promoting featuies such as a porous 
surface. Leg 22f might alternatively or additional have a surface coated or impregnated 
witii sclerosing agents. Multiple anchors 18f may be inq)lanted using tiiis metiiod, as 
shown in Hg. 25C. 
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In alternate plication methods, one or more sclerosing agents may be used in 
conjunction with or in lieu of die mesh el^ent 24. Examples of sclerosing agents 
include but are not limited to Sodium Tetradecyl Sulfate (STS), Poliodocanol, Chromated 
Glycerin, Hypertonic saline. Sodium Monhuate, Sclerodex (hypertonic saline in 

5 combination with Dextrose). Other substances diat may be positioned with or in place of 
the mesh element 24 include metiiyhnethacrylate, glues, adhesives, and biorubbers. 
These may be injected at the time of mesh placement or loaded into the mesh itself and 
eluded out over a period of time. 

Figs. 26A througli 26F illustrates an altmiative method in which a cannula SOa 

10 having a tissue-penetrating distal end is passed into the tissue pocket 100 for delivery of 
an agent According to the alternative method, tissue pocket 100 is formed using metiiods 
similar to those described above. Cannula SOa is advanced through the shaft 16a of the 
plicator 12a, through anchor 18a and tissue 102, and into the pocket 100. Hie desired 
agent is passed through the cannula SOa and into the pocket 

IS Once the agent is administered, steps similar to those described above may be 

performed to form the plication and to attach anchor 18a to the plicatioiL Tip 20a (Fig. 
26B) is thus advanced tiirough tiie cannula SOa (or through a separate cannula introduced 
upon removal of the cannula) and advanced as described in connection with the first 
embodiment If a mesh element 24a is to be introduced, it may be positioned around the 

20 cable 22a as described previously. A pusher tube 86a may be threaded ov^ the cable 
22a, through the intmor of the mesh tube 24a, and into contact with proximal cap 76a on 
the mesh elCTient 86a. Sliding the push^ tube 86a distally drives the tip 20a through the 
plication and into engagement with a distal catch S8a on the anchor, as also advances the 
mesh element 24a into the pocket 100. In a final sequence of steps, the plication may be 

2S "cinched" using mediods similar to tiiose described above. 

In certain instances, it might be desirable to completely close the serosal pocket 
100 to avoid leakage of injected agents into the peritoneal cavity. Ibe pocket 100 may be 
sealed using an elongate clamp 90 endoscopically introduced into tiie stomach and 
clamped over the tissue pocket to press the serosal surfaces into contact with one anodier 

30 as shown in Figs. 27A and 27B. Alternatively, vacuum head 14c (Hg. 28) may include 
clamping bars 92, such as elongate rods or inflatable balloons, diat are positioned on 
opposite sides of the pocket to clamp the pocket 100 between them. As yet another 
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alternative, the vacuum head 14d may be biased or hinged to clamp the pocket 100 as 
shown in Fig. 29- 

An alternative method for forming plications using sclerosing agents to accelerate 
scar formation is illustrated in Figs. 30A tiirough 30E. This mettiod is advantageous in 
5 that it allows plications to be formed without the use of sutures or cables, and thus can 
simplify Ifae procedure. 

As with previous methods, a pocket 100 or depression is formed on the serosal 
surface by drawing a portion of tiie stomach wall inwardly using a vacuum head 14f or 
other device introduced transorally into the stomach. A delivery member 130 is next 
10 introduced into the stomach. The delivery member 1 30 is an elongate tubular device 
having a lumen through which a sclerosing agent may be delivered, as well as a delivery 
means for delivering a place holding element 132 into the pocket 100. The deliv^ 
member 130 preferably includes a sharpened distal tip capable of penetrating the stomach 
wall. 

15 As shown in Fig. 30B, tiie delivery member 130 is advanced through at least one 

portion of the stomach wall 102, and used to deliver the place holding element 132 into 
the pocket 100. The place holding element 102 functions to maintain separation between 
opposed serosal walls 102, so that the volume between the walls can be filled by a 
sclerosing agent introduced by the delivery memb^ 130 or a separate delivery method. 

20 In one embodiment, die place holding element 132 may be delivered by pushing it 

through the lumen of the delivery member using a pushing mandrel. Hie place holding 
element might be a section of material that has a compact size and shape for ddivery by 
the delivery member 130, but that expands upon delivery into the pocket 100. To give a 
few examples, the element may be formed of a structure having mechanical properties 

25 (e.g. sponge or nitinol mesh) that cause it to self-expand when released from the delivery 
member, or it may be an inflatable balloon tethered to an inflation lumen in the delivery 
member, or it may be a s wellable hydrogel that will increase in volume once exposed to 
fluid within the pocket (e.g. the sclerosing agent or otiier fluid injected into the body, 
and/or fluids present in the pmtoneal cavity). In alternate embodunents the place holdmg 

30 element might be delivered directiy to the outside of the stomach using laparoscopic 
methods. 

The element may be formed of a permanent or semi-permanent material (such as 
the examples described in connection witii mesh element 24 above), that will reinforce 
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the plication and/or woiic together with the sclerosing agent to promote scar formation. 
Alternatively, the element may be one that is biodegradable or bioabsorbable over a 
period of time. 

Once the place holding element 132 has been positioned, the vacuum head 14f or 
S a separate clamping device is utilized to clamp and seal the pocket 100 as shown in Rg. 
30C (see, for example, the sealing mediods described above). Sclerosing agent is injected 
through the delivery memb^ 130 into the pocket 100. Referring to Fig. 31 A, if the place 
holding element is an inflatable balloon 132a or anotfa^ type of element that can seal 
against die tissue forming the pocket, it may be acceptable to eliminate the step of 

10 applying sealing forces to the pocket RefCTing to Fig. 3 IB, use of a sponge 132b in lieu 
of balloon 132a may minimize migration of sclerosing agent out of the cavity. The 
sponge 132b may be filled with scl^sing agent prior to its delivery into the pocket 100, 
or it may instead absorb agmt introduced into the pocket 

Sealing forces continue to be applied to the pocket 100 until ample scar tissue has 

15 formed within the pocket to maintain the P. Once adequate scar tissue has been formed, 
sealing forces may be released and the vacuum head removed from the stomach. If the 
balloon of Fig. 31A is used in lieu of sealing forces, inflation of the balloon is maintained 
until the sclerosing agent has formed an adequate amount of scar tissue. 

It should be noted with reference to Figs. 32A and 32B that if sealing forces are 

20 needed over an extended during (i.e. to ensure sufficient tissue scarring to retain the 

plication), a clip 134a may be clipped around the plication to niaifirfliTi the plication until 
sufficient scarring has occurred. If needed to prevent unwanted detachment of the clip, an 
alternative clip 134b (Fig. 31B) may include prongs positioned to pass through the tissue. 

2S Plication System cfthe Second Preferred Embodiment 

In many instances it may be desirable to form serosal tissue plications of die type 
shown in Rg. 33 A, which include a cutout C or hole formed tiirough the plication P. As 
shown in Fig. 33B, multiple such plications may be formed within the stomach to provide 
a platform for mounting an intragastric device or for oth^ purposes that will be described 

30 below. 

When a cutout plication is formed, it may be beneficial to form a seal around the 
cutout C using staples, sutures or adhesives etc so as to prevent food material and/or 
gastric juices bam passing between the opposed layers of s^osal tissue where they can 
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potentially cause infection between the tissue layers or within the extra gastric space. In 
the Fig. 33 A example, a circular array of staples is placed in the tissue surrounding the 
cutout C for this purpose. Sealing the cutout using stales provides the additional benefit 
of controlling die bleeding that will occur along the edges of the cutout In forming the 
S plication P, reinforcing mesh or other suitable matoial may be positioned between the 
opposed serosal layers so as to achieve the benefits discussed in connection with the first 
embodiment 

A second preferred embodiment of a plication system lOg, shown in cross-section 
Fig. 34A, is particularly useful for formiag a serosal plication having a cutout surrounded 

10 by a staple line, and also for positioning a reinforcing mesh element within the plication. 

In gen^, system lOg includes a plicator 12g comprising a vacuum head 14g 
having a vacuum chamber 28g and a shaft 16g defining a lumen 48g. A port 49 is fluidly 
coupled to the vacuum chamber 28g and is connectable to an extracorporeal source of 
suction (e.g. a syringe or a vacuum pump). 

IS An elongate staple driver 150 is longitudinally moveable witiiin die lumen 48g. 

Staple driver may take the form of an elongate tube having a broadened annular head 152 
positioned within the vacuum head 14g. A plurality of staples 154 is arranged adjacent to 
the staple head, preferably in a circular arrangement, but alternative arrangements are 
equally suitable. A circular anvil 156 is positioned within the vacuum head 14g opposite 

20 the staples. Staple driver head 152 is moveable in a distal direction to advance the staples 
across the vacuum chamber and into contact with the anvil 156. 

The system includes a tubular cannula 50g for forming the cutout C in the tissue. 
Cannula 50g extends through ti&e lumen of die staple driver 150, with its tissue- 
penetrating distal end oriented towards the vacuum chamber 28g. Cannula 50g may be 

25 advanced in a distal direction to extend through the vacuum chamber 28g and into a 
tubular chaimel 158 formed in die distahnost section of the vacuum head. 

An elongate rod 160 having a pointed distal barb or tip 20g extends through the 
lumen of the cannula 50g. Tubular mesh element 24g surrounds a portion of the exterior 
surface of rod 160, with its distal end adjacent to the proximal end of tip 20g. Mesh 

30 element 24g is preferably a self-expandable tubular element of the type described in 

connection widi Figs. 14A and 14B. When positioned on the rod 160, the mesh element 
is compressed to a reduced-diamet^ position and retained in the compressed position 
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using a retention sleeve 162. A tubular support 164 may be positioned on the rod 160 in 
abutment with the proximal ead of the mesh element 24g. 

System lOg further includes a proximal handle (not shown) diat remams outside 
the body during use of the system. The handle includes actuators, pull wires, push rods, 
S or equivalent components that facilitate longitudinal advancement and withdrawal of the 
tip 20g, cannula 50g, retention sleeve 162, and staple driver ISO, as well as deflection or 
articulation of the components, as needed to carry out the method for using the system 
described in the following section. 

10 Exemplary Method for Using the Second Preferred Embodiment 

A method for using the system of the second embodiment will next be described. 
First, the vacuum head 14g is introduced into a stomach and endoscopicaUy positioned 
with the vacuum chamber facing the interior surface of the stomach wall. This step is 
similar to the st^ illustrated in Figs. 16A - 16B in connection witii the first embodiment 

IS Suction is applied to the vacuum head 14g via port 49 to draw aportion of die 

stomach wall into the chamber as shown in Fig. 34B, thus orienting sections SI, S2 of the 
stomach wall with their serosal surfaces generally facing one another. 

Next, the rod 160 is advanced to drive tip 20g throu^ the sections S 1, S2. Tip 
20g is captured within die channel 1S8 adjacent to anvil 1S6. Hie mesh element 24g is 

20 carried by the rod 160 into position between the stomach wall sections SI, S2. The 

retention sleeve 162 is retracted, allowing the mesh element 24g to expand to the position 
shown in Fig 34D. One or more centering struts 166 extend between the mesh element 
24g and rod 160 and Tnaintain die mesh element in a generally centered orientation 
relative to die rod 160. 

2S After the mesh element 24g is deployed, the tissue is compressed to the position 

shown in Fig. 34E to bring the opposed sections SI, S2 of die stomach wall into contact 
or close proximity with one another and to compress the mesh element 24g into a disk 
shape (also see Fig. 14B). Iliis folding/compressing step may be accomplished by 
folding the vacuum chamber 14g itself, such as by pushing the shaft 16g in a distal 

30 direction while maintainmg traction on die rod 160. After folding, die staple driva head 
1S2 is pushed distally, driving the staples 1S4 throu^ the tissue and agamst die anvil 1S.6 
as shown in Hg. 34F. In a simultaneous or separate step illustrated in Fig. 34G, the 
cannula SOg is advanced to core the tissue, dius forming the cutout C and snipping die 
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cenlmng struts 166 (not visible in Fig. 34G) connecting the mesh element to the rod 160. 
In forming the cutout C, the cannula SOg removes a margin of tissue surrounding the 
punctures created by tip 20g during its advancement towards channel 138. 

The cannula SOg and tip 20g are wididrawn into shaft 16f, and die vacuum head 
5 14g is separated from the tissue, leaving the cutout reinforced plication as shown in Figs. 
35A and 3SB. 

* 

Plication System of the Third Preferred Embodiment 

A third embodiment of a plicator 200 is shown in Figs. 36A through 39. Plicator 

10 200 includes a plication head 202 positioned on the distal end of an elongate shaft 204. 
As with prior embodiments, shaft 204 is of sufficient length to allow passage of the 
plication head 202 through the mouth and esophagus into the stomach, while the proximal 
end of the shaft remains outside the body. A vacuum source 206 is fluidly coupled to the 
proximal end of the shaft 202. PuUwires 208 extend through the shaft 204 from a handle 

IS (not shown) in the proximal end of the shaft and are anchored to a more distal location 
within the shaft 204, so that manipulation of the pullwires by a user allows for 
steering/deflection of die plication head 202. Shaft 204 may be foimed of a plurality of 
spine members that articulate relative to one another but that may be locked in a desired 
position to fix the spine a desired sh^e. 

20 Plication head 202 includes a tapered, atraumatic, distal tip 210 and a proximal 

portion 212 coupled to one another by one, two or more hinge member 214. In the 
Figs. 36A-39 embodiment, three hinge members 214 are shown. Each of the illustrated 
hinge memb^ includes distal and proximal hinge plates 216a, 216b joined together at 
central hinge 218. The hinge members 214 are moveable between die generally 

25 elongated position shown in Fig. 36A, and to the expanded position of Fig. 36B in which 
the central hinge 218 extends outwardly and in which the distance separating distal tip 
210 and proximal end 212 of the plication head is decreased. As shown as a transparent 
element in the bottom plan view of Fig. 38 A and the end view of Fig. 38B, a membrane 
or shroud 21S covers the hinge members 214 and is connected to the distal tip 210 and 

30 proximal portion 212 of tiie plication head 202 to form a vacuum chamber 217. An 

opraing 219 in the shroud positionable in contact with stomach wall tissue to allow tissue 
to be drawn into die chamber during use. Shroud 215 is preferably formed of silicone. 
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elastomeric material, or any other inelastic or elastic flexible or defonnable biocompatible 
material capable of fomiing a vacuum chamber. 

Referring to Fig. 37A, the proximal portion 212 of the plication head 202 includes 
a hydraulic chamber 220. Hie hydraulic chamber 220 is fluidly coupled by a fluid line 
S 222 to a source of fluid 224. An outer piston 226 is disposed within the hydraulic 

chamber 220. In the illustrated embodiment, piston 226 is a hollow cylinder having a rear 

m 

wall 228 and a front wall 230. Front wall 230 includes a center cutout 232. An inner 
piston 234 is disposed within the outer piston 226, and includes a longitudinal plunger 
236 extending through the cutout 232. 

10 Each of the proximal hinge plates 216b includes an inwardly-extending camming 

surface 238. Tlie hinge plates include proximal pivots 240 such that distally-oriented 
pressure against camming surfaces 238 causes the hinge plates 216b to pivot about the 
pivots 240 into the position shown in Fig. 37B. 

Proximal portion 212 of the plication head 202 includes a staple cartridge 242 

IS containing staples arranged in an annular airangement (not visible in the drawing, and a 
staple driver 244 positioned to drive staples from the distal end of the cartridge 242 when 
it is advanced in a distal direction into contact with the stq>les. Staple driver 244 may 
include a tissue penetrating element 248 (Fig. 40B) sufficiently sharp to form a hole in 
tissue. 

20 An anvil 246 on die distal tip 210 is positioned to receive the prongs of staples 

driven by staple driver 242 and to fold die prongs into a closed position. Staple cartridge 
and anvil arrangements are well known in the surgical and endoscopic stapling art and 
need not be discussed in further detail. Hie staples (and sutures) described for use herem 
may be permanent or bioerodible/biodegcadable. 

25 

Exemplary Method for Using the Third Preferred Embodiment 

As with the previously discussed methods, a method of using the plication system 
200 of the third embodiment is carried out under visualization using an endoscope 
advanced via the esophagus into the stomach. 
30 In preparation for use, die plication head is positioned widi the hinge members 

214 in the streamlined position shown in Hgs. 36A and 37A. Itte plication head 202 is 
introduced transorally into the stomach, dnoug^ an introducer sheadi if needed to CTsure 
smoodi passage through the esophagus. Pullwires 208 are manipulated to orient the 
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plication head 202 so that the opening 219 in the vacuum chamber 217 (Figs. 38 and 39) 
is positioned in contact with stomach wall tissue at a location at which a plication is to be 
fonned 

Next, as shown in Fig. 37B, hydraulic fluid is injected from fluid source 224 into 
S chamber 220. Hie fluid pressure advances outer piston 226 in a distally direction, 
causing the front wall 230 of die piston 226 to contact the canuning surfaces 238, dius 
pivoting the pivot plates 216b about proximal pivots 240. In response, hinge members 
214 pivot as shown in Fig. 37B until they reach the partially expanded position shown in 
Fig. 37B. The vacuum source 206 is activated to create a vacuum which draws a pinch of 

10 tissue mto the vacuum chamber 217, with serosal tissue surfaces generally facing one 
another as has been described with the other embodiments (see e.g. Fig. 34B). The 
flexible nature of the shroud forming the vacuum chamber 217 allows the vacuum 
chamb^ 217 to deform outwardly as tissue is drawn into the chamber. 

Once tissue is drawn in to the vacuum chamber 217, additional fluid is directed 

IS into the hydmulic chamber 220 to advance the outer piston 226 until the hinge members 
214 are in the fully expanded position shown in Fig. 37C. Expansion of the hinge 
members 214 draws the distal tip 210 towards die proximal portion 212 of the plication 
head 202. TUs compresses the tissue within die vacuum chamber 217, bringing the 
opposed serosal tissue surfaces into contact or close proximity with each other similar to 

20 the tissue positions shown in Fig. 34E. Once the tissue is compressed, staples from the 
cartridge 242 are fired through the tissue by passing the staple pusher 244 through the 
staple cartridge 242. If the staple pusher 244 is provided with a tissue penetratmg 
element 248 as shown in Fig. 40B, the tissue penetrating elemmt 248 penetrates the 
opposed layers of stomach wall tissue as the staples are drivra tiux)ugfh the tissue, forming 

25 a hole surrounded by an annular pattern of staples. 

The staples fold against the anvil 246. After stapling, the hinge members are 
moved to the collapsed position shown in Fig. 36A. The plicator is separated from die 
tissue and withdrawn from the body. The tapered profile of die proximal portion 212 of 
die plication head 202 allows the plication head 202 to pass through the gastro- 

30 esophageal junction, esophagus, and mouth with minimftl trauma. 

In die illustrated embodiment, the staple pusher 244 is driven by the injection of 
hydraulic fluid into die cylindrical piston 226. The fluid drives plunger 236 distally into 
contact with the staple pusher 244, which in turns drives through the cartridge 242 to 
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advance the staples. Fig. 40A illustrates one arrangement of the pistons 226» 234 within 
the hydraulic chamb^ 220 that will allow this to be achieved. As shown, hydraulic 
cylinder 220 includes first and second inlets II and 12, and the piston 226 includes a thkd 
inlet J3. O-ring seals 01, 02 are positioned on die exterior surface of piston 226 and o- 
5 ring seals 03 and 04 are positioned on the exterior surface of die inner piston 234. When 
hydraulic pressure is applied to II, the piston 226 advances distally (towards die left in 
the view shown) to expand the hinge members 214 (Fig. 37C) and compress the tissue as 
discussed above. After o-ring seal 02 has moved distally of inlet 12, fluid pressure can be 
directed through 12 and into D, causing inner piston 234 to be driven distally to advance 

10 die staple pusher 244 (Fig. 37A). Aldiough in die Fig. 40A embodiment die hydraulics 
for tissue compression and stapling and combined on the proximal side of the plication 
head, these functions may be separated, with the hydraulics driving one function 
positioned distally of the vacuum chamber and the hydraulics driving the other function 
positioned proximally of the vacuum chamber. 

IS Figs. 41 A and 41B are side elevation views of a modified plication head 202c in 

which die distal and proximal portions 210c, 212c are coupled by a hinge 214c that is 
actuated by a lead screw 21 1 . Lead screw is extended as shown in Fig. 41 A to elongate 
the plication head 2Q2c for passage into the body and for expansion of die vacuum 
chamber which, as widi die Fig. 36A embodiment, is defined by a shroud 215 (Fig. 41C). 

20 Once tissue is drawn into the chamber, die lead screw 21 1 is actuated to bring the distal 
and proximal portions 210c, 212c into aligmnent for compression and stapling of the 
tissue as desoibed above. 

Plication Reinforcements 

25 Reinforcements of various types may be implanted in or on plications formed 

using the plication system. Such reinforcements may function to reinforce die staple 
array, help to more evenly distribute the forces applied to the tissue by the staples, and/or 
facilitate bonding between the opposed serosal layers. Suitable reinforcements include 
ones positionable on or between the serosal tissue layers ("serosal side reinforcemoits"), 

30 as well as those delivered on the side of the mucosal tissue C^mucosal side 
reinforcements")- 

Serosal side reinforcements have heea discussed in connection with die first and 
second embodiments. A reinforcement similar to mesh element 24 described in 
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connection with Figs. 14A, 14B may serve as a permanent or semi-pmnanent implant 
that will reinforce the staple array applied to the tissue and/or facilitate serosal tissue 
bonding between the layers of stomach wall tissue tiiat are to be stapled or sutured 
together. For this purpose, the material may be a synthetic or non-syndietic mesh (formed 
S of nitinol, polyester, or oth^ natural or synthetic material), porous or non-porous 
material, slotted material, or any oth^ material througjbt which adhesions will form or 
onto which tissue will grow. Examples include, but are not limited to, polypropylene, 
materials sold und^ the trade names Ooietex or Dacron, or tissue graft noaterial such as 
die Surgisis material sold by Wilson Cook Medical, Inc. The material may be treated 

10 with tissue-ingrowth promoting substances such as biologies. 

In an alternative embodiment of a serosal side reinforcement shown in Figs. 42A 
and 42B, a reinforcement 270 (which may be formed of a polyester fabric, mesh, or any 
other material including those listed elsewhere in this application) is carded by a frame 
272 having a plurality of outwardly extending arms ttiat spring to an expanded position 

IS when released from a hollow tube. The tube might be any of the mbes described above 
for delivering mesh or scl^sing agmts etc. to the serosal tissue, e.g. tube 50g of Fig. 
34A. The hollow tube 274 is passed through stomach wall tissue so that its distal end is 
positioned between serosal layers (e.g., the position of needle SOa in Fig. 26B). The 
frame 272 is advanced out die distal end of the needle to allow the arms of the frame to 

20 spread to the expanded position shown, thereby expanding the reinforcement between the 
opposed serosal layers. The reinforcement is fixed between the layers by the staples 
drivcni through die opposed regions of stomach wall, and the frame is withdrawn from the 
needle and out of the body. 

Mucosal side reinforcements may take the fcnm of reinforc^ents that are 

25 positioned on or adjacent to one or both of the mucosal surfaces lining the "pinch" of 
tissue that will form the plication. Hiese reinforcements may be features of the staples or 
staple arrays, or they may be separate components engaged by staples as the staples are 
advanced through the tissue. 

Referring to Fig. 43 A, conventional stapling procedures will often mclude two 

30 parallel rows of staples, in which the staples in one row are laterally offset from the 
staples of the oth^ row. According to the disclosed method, it is useful to employ this 
technique to the circular staple pattern delivered using the plicators described above, to 
produce two concentric rings of offset staples 276, as shown in Hg. 43B. It has been 
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found to be additionally beneficial to foim mucosal side reinforcements by linking or 
interlocking the staples to provide greater structural reinforcement to the stapled tissue 
and/or to more evenly distribute forces applied to the tissue by the staples. Linked staple 
arrays may be formed by arranging die staples 276 in ttie cartridge of the plicator in a 
S smgle circular pattern to interlock as shown in Fig. 43C, or in a double circular patt^ 
with two concentric rings of interlocked staples. The staples 276a may be curvilinear so 
as to form a locking pattern shown in perspective view of Fig. 43D. A linear arrangement 
of staples 276 may also be linked as shown in Fig. 43E. 

In alternative embodiments, staples are linked together by reinforcing members 

10 formed of metallic or polymeric mat^als, such as nitinol, titanium, stainless steel i ^i^i^K, 
or other biocompatible materials including diose that are bioerodible/biodegradable. 
According to these embodiments, the reinforcing members are positioned on one or both 
of the mucosal sides of the '^inch" of tissue engaged by the plication system such that 
they are captured by staples being driven dirough the tissue. In a prefaced CTibodiment, 

IS the staples capture a cartridge side reinforcing ring 278 (Fig. ISA) as they leave the 

cartridge and c^ture an anvil side rdoiforcing ring 280 (Hg. 44B) as the anvil shapes and 
bends them. Upon conq)letion of the plication, the staples are linked to one anotiier so 
that they cannot s^arate or expand radially. The rings promote even distribution of 
forces around the ring of staples. 

20 The reinforcing rings are preferably provided separate from the staples although 

they instead may be integral with the staples. In die illustrated raibodiment, ring 280 is 
positioned against the staple anvil 246 as shown in Figs. 45 A. Ring 278 is seated within 
die cartridge 242 ^ig. 4SB), widi die staples 276 aligned with dieir prongs 282 extending 
duoug^i a plurality of the loops 284 in die ring 278. When staples 276 are driven fcom die 

25 cartridge, diey capture ring 278 against the adjacent mucosal tissue as shown in Fig. 46A. 
The staple legs/prongs 282 pass dirough the stomach wall tissue into contact widi the 
indentations 286 of the anvil 246. When they contact die anvil 246, the prongs 282 fold 
around die staple ring 280 to capture the ring 280 and interiock die staples on die anvil 
side of the plication as shown in Fig. 46B. Rings or oth^ intedocking elCTients of this 

30 type may be used widi single- or double-staple row configurations. 

Rings 278, 280 are shown as generally ckcular, aldiough alternative 
reinforcements of different shapes and patterns may also be used, including those shaped 
to accommodate linear, oval and odier stq)le patterns. 
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Applications for Cutout Plications 

Figs. 47A tbiougb 49 illustrate examples of applications for cutout plications 
formed within the stomach using any methods or system, including those described 
5 above. As shown, the cutout plications can eliminate the need for anchor loops of the 
type described in connection widi the &st embodiment. Each of these applications is 
preferably (but optionally) performed in a separate procedure from that in which the 
plications are formed, so as to allow serosal bonding to occur before the plicated tissue is 
subjected to stresses imparted by implants and/or further manipulation. 

10 A first application shown in Figs. 47A dirough 47C uses two or more cutout 

plications CP, preferably formed at the gastro-esophageal junction region of the stomach. 
According to this application, the cutouts C of the pUcations are brought into partial or 
full alignment with one another ^igs. 47A and 47B) using an endoscope or another 
endoscopic instrument. A restrictive implant such as the implant 4 shown in Fig. 4 is 

IS ttureaded through the aligned cutouts while in a radially-collapsed position, and is then 
allowed to expand to the position shown in Fig. 47C. Instruments and methods for 
orienting and expanding an implant of this type are shown and described in U.S. 
Application No. 1 1/439,461, filed May 23, 2006. Once in place, the implant greatiy 
reduces the amount of food a patient can consume, by slowing the rate at which food can 

20 descend from the esophagus into die stomach. 

In the method shown in Fig. 48A, multiple cutout plications CP are formed in 
select positions allowing the plications to be drawn together so as to significantiy narrow 
the channel through which food can pass through the stomach. For example, the 
plications CP of Fig. 48 A are arranged such that manipulating the plications to place their 

25 cutouts C in alignment causes the plications themselves to form a barrier against passage 
of food. This arrangement limits most food flow to a narrow food passage FP and creates 
a gastric pouch GP adjacent to the food passage. An implant 4a is positioned within the 
cutouts C as described above to retain the plications CP in their gathered arrangement 
The implant 4a may have a similar configuration to the implant 4 of Hg. 4, including a 

30 dnrough-hole allowing some passage of food through the implant, or it may be 

impenetrable by food dius forming a plug largely preventing passage of food and gastric 
juices through the cutouts C. The implant may include a valve oriented to minimize 
restriction of food flow out of the stomach during vomiting. Other implants diat will 
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letain the gathered configuration of the plications CP may alternatively be used, includuxg 
lengths of bioconq)atible rn^terii^'l passed dirough the cutouts and knotted or otherwise 
fastened into loops. In odier embodiments, the collective sizes and numbers of the 
plications may themselves be sufficient to restrict flow of food into the stomach, without 
die need for any implants to connect them to one anoth^. 

In either embodiment, if die implant 4, 4a is to be removed or replaced with an 
implant of different dimensions (e.g. so as to slow the rate of weight loss following a 
period of significant wdght loss, or to increase the rate of weight loss), endoscopic 
instruments may be used to withdraw the implant fiom the cutouts C and to remove the 
implant from the stomach. 

In another embodiment shown in Fig. 49, a restrictive pouch 4b may include 
anchors S that are ins^ted into cutout plications CP. Anchors S are shown as having a 
button shape, but they may alternatively be other structures including loops that close on 
themselves to prevent detachmrait from the cutout, or they mig^t be legs of die type 
disclosed in WO 200S/037152. 

As is evident from above, the disclosed endoscopic systems function to draw a 
tissue into the stomach to form a depression on the exterior surface of the stomach, and 
staple (or suture, or fasten or adhere etc) the opposed stomach wall sections lining the 
depression together another to form a plication. The system may additionally place 
material of a type that will promote strong tissue adhesion within the depression (on the 
exteriOT of the stomach) and retain the matmal between the serosal surfaces to enhance. 
Additionally or alternatively, mucosal reinforcanents such as structures tiiat interconnect 
the staples may be implanted. While these systems provide convenient embodiments for 
carrying out this function, there are many other widely varying instruments or systems 
may alternatively be used within the scope of the present invention. Moreover, the 
disclosed embodiments may be combined with one another in varying ways to produce 
additional embodiments. Thus, the embodiments described herein should be treated as 
representative examples of systems useful for forming endoscopic tissue plications, and 
should not be used to limit the scope of the claimed invention. 

Any and all patents, patent applications and printed publications referred to above, 
including those relied upon for purposes of priority, are incorporated herein by reference. 
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We claim: 

1 . An apparatus for foiming plications in tissue, the apparatus comprising: 
an elongate shaft; and 

a plication head positioned on the elongate shaft, the plication head includin 
a collapsible vacuum chamber having an opening positionable in contact wi 

tissue to be plicated such that application of suction to the vacuum chamber draws t 

tissue into the vacuimi chamber; and 

a fastening system having a first portion and a second portion positioned sue 

that advancement of a fastener from the first portion to the second portion advances 

the fastener through tissue drawn into the vacuum chamber. 

2. The apparatus of claim 1, wherein the vacuum chamber is expandable in 
response to suction of tissue into the vacuum chamber. 

3. The apparatus of claim 1, wherein the vacuum chamber is collapsible from a 
first position in which the first and second portions are spaced by a first distance and a 
second position in which the first and second portions are spaced by a second distance 
smaller than the first distance. 

4. The apparatus of claim 1, wherein the vacuum chamber is expandable fix)m t 
first position to a second position to expand the opening. 

5. The apparatus of claim 1, wherein the plication head includes a proximal 
portion carrying the first portion of the fastening system and a distal portion carrying the 
second portion of the fastening system, wherein the vacuum chamber extends between the 
proximal and distal portions. 

6. The apparatus of claim 5, wherein the plication head includes at least one 
structural member extending between the proximal and distal portions, and wherein the 
vacuum chamb» includes a flexible membrane on the at least one structural member. 
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7. The apparatus of claim 6, wherein the stiuctural m&vdbet is a hinged membe 

■ 

8. The apparatus of claim 7, wherein the hinged member is coupled to the 
proximal and distal portions at corresponding proximal and distal pivot points. 

5 

9. The apparatus of claim 8, wherein the hinged member includes an 
intermediate pivot point/ 



10, The apparatus of claim 1, wherein the vacuum chamber is a flexible 
10 membrane. 



11. The apparatus of claim 8, wherein the hinged member is pivotable about the 
proximal and distal pivot points to deform the vacuum chamber. 



15 12. The apparatus of claim 1, wherein the first portion of the fastening system 

includes a staple cartridge including at least one staple, and a second portion of the fastenin 
system includes a staple anvil. 

13. The apparatus of claim 1, wherein the first portion of the fastening system 
20 includes a needle having a fastener thereon, and wherein the second portion of the fastening 

system includes a catch for engaging a portion of the needle or fastener. 

14. The apparatus of claim 1, wherein the proximal portion of plication head 
includes a pusher positioned to push a reinforcing element into position between layers of 

25 tissue positioned in the vacuum chamber. 

15. The j^paratus of claim 14, wherein the reinforcing element is a tubular 
reinforcing element having a pair of ends, and wherein the vacuum chamber is deformable t 
impart pressure against the ends to laterally expand the reinfoicmg element. 
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16. The apparatus of claim 14, wheiein the tubular reinforcing element compris 
a mesh element. 

17. The apparatus of claim 12, wherein the fastening system includes a 

S reinforcing element positioned in proximity to the anvil such that a staple passing through 1 
tissue into contact with the anvil will fold around the reinforcing element. 

18. The apparatus of claim 12, wherein the fastening system includes a 
reinforcing element positioned in proximity to the staple cartridge such that a staple passin] 

10 from the staple cartridge to the tissue will engage the reinforcing element 

19. The apparatus of claim 17, whercin the stapling cartridge includes an array c 
staples in a generally annular arrangement, and wherein the reinforcing element is a 
reinforcing ring. 

15 

20. The apparatus of claim 18, whercin the stapling cartridge includes an array c 
staples in a generally annular arrangement, and whercin the reinforcing element is a 
reinforcing ring. 

20 21 . The apparatus or claim 1 , further including a piercing element extendable 

through tissue in the vacuum chamber to form a hole in tissue layers fastened together by 
fastening system. 

22. The apparatus of claim 21, whercin the piercing element is positioned to fon 
25 a hole bounded by fasteners deliva:ed by the fastening systenL 

23. The apparatus of claim 1, whercin the prcximal portion of plication head 
includes a tube positioned to inject a sclraosing element into position between layers of tiss 
positioned in the vacuum chamber. 

30 

24. The apparatus of claim 1, whercin the vacuum chamber is formed of silicone 
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■ 

25. The apparatus of claim 13, wherein the fastening system furth^ includes an 
anchcn: positioned in the vacuum chamber, wherein the catch comprises a portion of the 
anchor. 

5 

26. A method of forming a tissue plication in stomach wall tissue, comprising tl 
steps of: 

providing a plication head on an elongate shaft; 

advancing the plication head transorally into a stomach; 
10 applying suction to the plication head to draw tissue into a vacuum chamber 

the pUcation head, said tissue including two generally opposed serosal tissue surf aa 

deforming the vacuum chamber to draw the serosal tissue surfaces into 
proximity with one another to form a plication; and 

passing at least one fastener through the plication. 

15 

27. The method according to claim 26, wherein the method further includes the 
step of forming a cutout in the plication. 

28. The method according to claim 27, wherein a perimeter of the cutout is sealc 
20 by the at least one fastener. 

29. The method according to claim 28, wherein the passing step includes passin 
at least one sutuie through the plication. 

25 30. The method according to claim 28„ wherein the passing step includes passir 

at least one staple through the plication. 



30 



3 1 . The method according to claim 28, wherein the passing step further includes 
positioning a reinforcing element in proximity to die anvil such that staples passing througt 
the tissue into contact with the anvil will fold around the reinforcing element 
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32, The method according to claim 28, wherein the passing step further includes 
positioning a reinforcing element in proximity to the staple cartridge such that a staple 
passing from the staple cartridge to the tissue will engage the reinforcing element. 

5 33 . The method according to claim 26, wherein the method is further for couplir 

an anchor to the plication, wherein vacuum chamber includes a flexible anchor positioned 
within a chamber, wherein the applying step draws the tissue into the anchor, and wherein 
the passing step passes the fastener throug^i the plication and the anchor. 

10 34. The method according to claim 26, wherein the deforming step is performed 

prior to the passing step. 

35. The method according to claim 26, wherdn the deforming step is performed 
after the passing step. 

15 

36. The method according to claim 26, wherein the method includes the step of 
positioning a reinforcing element between the serosal surfaces, wherein the passing step 
retains the reinforcing element between the serosal surfaces. 

20 37. Itie method according to claim 36, wherein the reinforcing element is a mes 

element 

38. The method according to claim 26, wherein the method includes the step of 
applying a sclerosing agent between the serosal surfaces. 

25 



wo 2007/041598 PCT/US2006/038684 

1/48 



FUNDUS F • 




wo 2007/041S98 



3/48 



PCT/US2006/038684 




wo 2007/041598 



6/48 



PCT/US2006/038684 




rnr 




77 




18 




r 



A 




6^. 





wo 2007/041598 



7/48 



PCT/US2006/038684 




wo 2007/041598 PCT/US2006/038684 

8/48 



• I 




I 



wo 2007/041S98 



10/48 



PCT/US2006/038684 




wo 2007/041598 PCTAJS2006/038684 

11/48 




wo 2007/041598 



12/48 



PCT/US2006/038684 





6 




< 



wo 2007/041598 PCTAJS2006/038684 

13/48 




wo 2007/041S98 



14/48 



PCT/US2006/038684 




wo 2007/041598 PCT/US2006/038684 

15/48 




wo 2007/041S98 



16/48 



PCT/US2006/038684 




^lU. t4«04M y^TTUftB- ^fUSSES ' 





wo 2007/041598 



17/48 



PCT/US2006/038684 




\\o 





• « 





wo 2007/041598 



PCTAJS2006/038684 



18/48 



' I 




oo 





wo 2007/041598 PCT/US2006/038684 

19/48 





wo 2007/041598 



PCTAJS2006/038684 



20/48 






m/i 



L.C£>P In/ 




i s; 



7 



wo 2007/041598 



21/48 



PCT/US2006/038684 





wo 2007/041598 



22/48 



PCT/US2006/038684 




wo 2007/041598 



23/48 



PCT/US2006/038684 




wo 2007/041598 



PCTAJS2006/038684 



24/48 




wo 2007/041598 



25/48 



PCT/US2006/038684 



I 




I DO 



wo 2007/041598 



26/48 



PCT/US2006/038684 




wo 2007/041598 



27/48 



PCT/US2006/038684 




wo 2007/041598 



29/48 



PCT/US2006/038684 



41 
5- 




wo 2007/041598 



30/48 



PCT/US2006/038684 




wo 2007/041598 



31/48 



PCT/US2006/038684 




« 



wo 2007/041598 PCTAJS2006/038684 

32/48 



• I 




wo 2007/041598 



33/48 



PCT/US2006/038684 




wo 2007/041598 



34/48 



PCT/US2006/038684 




wo 2007/041598 PCT/US2006/038684 

35/48 




wo 2007/041598 PCT/US2006/038684 

36/48 




wo 2007/041598 



37/48 



PCT/US2006/038684 




• • • 



wo 2007/041598 



38/48 



PCT/US2006/038684 




< 



>5.'^ '. ' ...» *■ ^ 



•••I \ . .•■I' 



7.' ^ 



•: ..-j^^v/'A- ••••• '•■ •• '\ 



wo 2007/041598 



39/48 



PCT/US2006/038684 




wo 2007/041598 



40/48 



PCT/US2006/038684 




wo 2007/041598 PCT/US2006/038684 

41/48 




wo 2007/041598 



42/48 



PCT/US2006/038684 




wo 2007/041598 



43/48 



PCT/US2006/038684 




wo 2007/041S98 



44/48 



PCT/US2006/038684 




wo 2007/041598 



45/48 



PCT/US2006/038684 




wo 2007/041598 



46/48 



PCT/US2006/038684 




wo 2007/041598 



47/48 



PCT/US2006/038684 




wo 2007/041598 



PCTAJS2006/038684 



48/48 




T-r-rr 



INTERNATIONAL SEARCH REPORT 



International application No 

PCT/US2006/038684 



A. CLASSIFICATION OF SUBJECT UATTER , , . , , ^ .- „ 

INV. A61B17/068 A61B17/115 A61B17/128 A61F5/00 
ADD. A61B17/30 

Aooonflng to IntemaUona] Patent Oassfficatlon (IPC) or to both nallonal cfasaflcaMon and IPC 

a FIELDS SEARCHH3 . 

Minimum documentation seaidied (classification ^stemfoBowed by clasBllcationsyRit)^ 

A61B A61F 



Documentation seaiched o^ than mbdmum documentation to the extent that such documents ais included In the fields searched 
Electronic data iBse consulted during the international search (name of data I»S8 and. whem practical, search tenns used) 

EPO-Internal 



C. DOCUMENTS COMSIDERED TO BE RELEVANT 



Catagoiy* 



CSafion of document, wilhincfication, where appropriate, of the relevant passages 



Relevant to dalmNa 



WO 01/66018 Al (BARD INC C R [US]; GAMBALE 
RICHARD A [US]; WEISER MICHAEL F [US]; 
PAGE) 13 September 2001 (2001-09-13) 
page 14, line 14 - page 47, line 9 
f 1 gures 

UO 2005/079673 A2 (SATIETY INC [US]) 
1 September 2005 (2005-09-01) 
page 28, line 14 - page 29, line 26 
figures 69,70 

us 2005/096673 Al (STACK RICHARD S [US] ET 

AL) 5 Nay 2005 (2005-05-05) 

figures 13-13E,40-42B 

page 7, paragraph 109 - page 8, paragraph 

102 

page 14, paragraph 199 - paragraph 201 



1,5,12, 
13,21 



1.5.14 



1,14 



Further documents are listed In the continuation of Box C. 



ID 



See patent family annex. 



• Special categoiles of dted documents: 

"A' document defining the general state of the art wMsh la not 
considered to be of pahicutarrBlevanoe 

'E* earfier document but published on or after the Intemalional 
fSino date 

'L' document tMhich may throw doubts on priority dalm(s) or 
which Is c&ed to edabSsh thfl pubUcatbn dale of another 
citation or (4her special reason (as specfied) 

'Qt document refMng to an oral dIsdosurB, use, exhiUnonor 
other means 

"P" document published priorto the international fSngdalatiut 
later than the priority date ctaimed 



*1* Eater document pubBshedaner the tntemaitonal fISng data 
or ptioray date and not In conflict with the application but 
dted to understand the principle or theory undariytng the 
tmrentioo 

"X" document of particukar reievanoe; the claimed bivantfen 
cannot be oon^dered novel or cannot be considered to 
Involve an inventive step when the document Is taken alone 

'Y* documentof particular reievanoe; the claimed Inventton 
cannot be considered to ifivolve an inventVe step when me 
document b comtdned wfth one or more other such docu- 
ments, such oomtnnation being obvious to a peisonsMOed 
In the art 

document memtier of the same patent family 



Date of the actual oompieilon of ttis international search 



7 February 2007 



Name and maffii^ address of the 

European Patent Offtoe; P.a 5618 Patenttaan 2 
NL~2280i^RqswijlC 
TeL (431 -70) 34O-204a T^ 31 651 epo n|. 
Fax: (431-70) 340-3010 



Date of maShg of the intemationai search report 



14/02/2007 



Authorized ofBoer 



Compos, Fablen 



Fbim PCT/l8Affi10 (aaoond aheet) (AprO 2005) 



INTERNATIONAL SEARCH REPORT 



International appllcafion No. 

PCT/US2006/038684 



Box II Observations where certain daims were found unsearchable (Continuat ion of Hem 2 of first sheet) 

This international Search Report has not been establlehed In respect of certain claims under Article 17(2)W tor the following reasons: 

^ ' ^ Sacaiae tt»y relate to sut^m^r not required to be searched by this Authority, namely: 

Rule 39 ad v) PCT - Method for treatment of the human or animal body by 
surgery 

^' ^ b^s^mey relate to parts of the International Application that do not comply with the prescribed requirements to such 
an extent that no meartngful International Search can be carried out, spccificaily: 



K^S^ are dependant claims and are not drafted m aocadance with the second and third sentences of Rule a4(a). 



Box III Observations where unity of Invention is laclcing (Continuation of Item 3 of first shee^ 

This International Searching Authority found multiple Inventions in this mtematlonal application, as follows: 



1 . rn As all required additional search fees were timely paid by the applicant, this International Search Report covere all 
1 — > searchable claims. 

2. n AS an searchable claims could be searched without effort Justifying an additional fee. this Authority did not Invite payment 
— of any additional fee. 



3. r~| As only some of the required adcfitional search fe?© were ftnely pdd b^^^ applicant. tWs Intemallonal Search Report 

1 1 nrvnra c 



covera only those claims for which ftos were paid, specifically daims Nos.: 



4 n No required addHonai search law were timely paid by the applicant Consequently, this mtematlonal Search Report Is 
' — restricted to the Inventton first mentioned In the claims; It Is covered by cla^ 



Remark on Protest 



j j The additional search fees were aocompanled by the applicanTs protest 
I I fsjo protest accompanied the payment of additional search fees. 



Form PCTyiSA/210 (continuation of first sheet (2)) (January 2004) 



INTERNATIONAL SEARCH REPORT 

information on patent family members 



International appOcation No 

PCT/US2006/038684 



Patent dcxximent 
dtad in search report 



Publication 
date 



Patent temDy 
member<6) 



PuUicaUon 
date 



wo 0166018 Al 13-09-2001 EP 1261282 Al 

JP 2004514462 T 



04-12-2002 
20-05-2004 



WO 2005079673 


A2 


01-09-2005 


CA 


2556228 Al • 


01- 


-09- 


-2005 








EP 


1713402 A2 


25- 


-10- 


■2006 


US 2005096673 


Al 


05-05-2005 


US 


2005247320 Al 


10- 


-11- 


-2005 



(patent fam{Vannfl90CApifl20OS) 



